Introduction
The management of patients with relapsed or refractory lymphomas, both Hodgkin and non-Hodgkin forms, is still a very challenging clinical problem.
Relapses after complete responses achieved with modern front-line treatments occur in about 20% of patients with Hodgkin's lymphoma [1] [2] [3] and in 50% of those with non-Hodgkin's lymphoma, 4, 5 whereas less than 6% and about 10%, respectively, develop progressive disease early after first-line chemotherapy (the truly refractory subjects). Nearly 50% of all these patients can be rescued by means of high-dose chemotherapy (HDC) followed by autologous or allogeneic BMT. 6 However, the response to transplantation depends on a number of factors such as presentation of the disease, type and number of previous therapies, the patient's prognostic factors, response to debulking chemotherapy administered before HDC and the type of pre-transplant conditioning regimen. In particular, the chemosensitivity shown before BMT is a crucial discriminator of the final outcome, the complete disappearance of all signs and symptoms being the ideal condition. Many chemotherapy protocols have been designed for pre-transplant cytoreduction and achieve CRs in 20-50% of cases.
Here, we report the results of a cytoreductive regimen that includes non-cross-resistant drugs-mitoxantrone, carboplatin and cytarabine-that are highly effective both against lymphoma and in mobilizing PBSCs, allowing adequate harvest of CD34 þ cells for autologous BMT (ABMT).
Materials and methods

Eligibility
A histologically confirmed diagnosis of Hodgkin's or nonHodgkin's lymphoma was necessary for patients to enter this study. The patients were also required to have failed to benefit from at least one full course of multiple drug chemotherapy, to be aged 20-75 years, to have a normal blood count and normal cardiac, hepatic and renal function, and to have measurable disease. In particular, patients who did not achieve a CR with the up-front chemotherapy were considered refractory, whereas those who experienced signs and/or symptoms of disease after a proven CR were considered relapsed. Subjects who did not respond to radiotherapy as their only treatment were excluded. Patients gave their written informed consent to undergo MJMA chemotherapy.
Patient characteristics
A total of 28 patients, 4 with Hodgkin's and 24 with nonHodgkin's lymphoma, were recruited into this study between January 2000 and December 2006. Their clinical characteristics are detailed in Table 1 . All stage IV patients with non-Hodgkin's lymphoma and one with Hodgkin's lymphoma had BM involvement before the start of the MJMA regimen. Table 2 reports the previously administered therapies and the prognostic evaluation made before the start of MJMA according to the International Prognostic Index described by Shipp et al. 7 for patients with non-Hodgkin's lymphoma and the International Prognostic Score reported by Hasenclever et al. 8 for those with Hodgkin's lymphoma.
Treatment
The shortened and intensified MJMA chemotherapy regimen was a 3-day variant, with a 3-week interval, of the original 5-day MiCMA regimen with a 4-week interval. 9, 10 The modifications were made to increase both the size of the dose of carboplatin and the dose intensity of all the drugs, while maintaining the feasibility of the treatment on an outpatient basis and without changing the cumulative doses administered. The general evaluation of the patients included computed tomography, abdominal and cardiac ultrasonography, and BM biopsy before the MJMA therapy. After the end of chemotherapy, all clinical manifestations of lymphoma were reassessed with the same methods used before the start of therapy. Positron emission tomography was employed in the staging or restaging of the 12 most recently recruited patients. Bulky mass: any nodal mass, X10 cm in its largest dimension or, in the mediastinal region, a mass with a maximum width X1/3 of the transverse diameter of the thorax at the level of T5/T6.
Table 2
Prior therapies and clinical prognostic scores before the start of MJMA therapy according to Shipp's index for patients with non-Hodgkin's lymphoma and Hasenclever's index for those with Hodgkin's lymphoma
Status
Histology Prognostic score
Prior therapies The sequence of cases is as in Figure 1 and the legends of histological types as in Table 1 .
All patients who started therapy were considered evaluable for response. The response grades were evaluated using the revised criteria of Cheson et al. 11 OS was calculated from the start of therapy to death from any cause. PFS was measured for all patients from the start of therapy to the date of treatment failure, disease progression, relapse or death related to the disease or to the treatment. Relapse-free survival was calculated for complete responders from the end of treatment to the date of relapse or death from the disease. 12 Survival curves were calculated using the method of Kaplan and Meier. 13 Toxicity was evaluated according to the standard ECOG criteria. 14 
Results
All patients were evaluable for response and toxicity. Their follow-ups ranged from 5 to 82 months (median: 49 months). Overall, 145 cycles of MJMA were given, with a median of five cycles per patient: two patients received only three cycles because of their lack of response, seven patients received four cycles, five patients received five cycles, 13 patients received six cycles and one patient received eight cycles.
On average, the MJMA regimen was delivered at 84% of the planned dosage and with a 17% delay with respect to the scheduled time frame.
At the end of chemotherapy, 19 patients (68%) had achieved CR and seven had obtained PR (25%) for an overall response rate of 93%. Two patients (7%) did not respond to the MJMA chemotherapeutic regimen. Table 3 reports the grade of individual response to MJMA chemotherapy related to the disease status at the start of the treatment (relapsed or refractory), to the time interval elapsed from the end of the last chemotherapy, to the number of chemotherapy regimens received earlier, to the preceding marrow transplantation procedures and to the administration of radiotherapy. There was no clear relationship between response and any of these parameters.
No patients died of MJMA-related toxicity. The patients did, however, experience severe hematological toxicity (grades 3 and 4 of the WHO scale): severe neutropenia was observed in all patients and severe thrombocytopenia in 18 out of 28. G-CSFs were administered on demand at the first record of a neutrophil count o1.00 Â 10 9 /l, and were then used prophylactically at the same individual efficient doses in every following cycle. Anemia, with a hemoglobin concentration below 80 g/l (WHO grade 2), was observed in five patients. The relatively low prevalence of severe anemia was probably due to the prophylactic administration of EPO Table 3 Response of each relapsed and refractory patient to MJMA chemotherapy related to time elapsed from the last chemotherapy (CT), number of regimens previously administered, history of prior radiotherapy (RT) and/or ABMT, harvest of PBSC and subsequent ABMT, if performed (H: patients with Hodgkin's lymphoma)
Case
Months from last CT No. of previous CT Previous RT Previous ABMT PBSC harvest Subsequent ABMT Final response (or, more recently, of darbepoetin) when the concentration of hemoglobin was found to be below 100 g/l. Non-hematological toxicity was negligible. Eighteen patients aged 27-64 years, for whom consolidation therapy with HDC and subsequent PBSC rescue was judged appropriate and feasible, underwent marrow stimulation with G-CSF after one of the first three cycles (300 mg every 12 h, from day 5 until completion of the leukapheresis procedures). PBSC mobilization was successful in all of these patients, with a mean yield of CD34-positive cells of 10.45 Â 10 6 /kg of patient's body weight (range: 3.70-24.88). A single leukapheresis was sufficient in 15/18 subjects, whereas two leukaphereses were necessary in the remaining three. The median time between the first day of the cycle and PBSC harvest was 13 days (range: 11-17). Six patients chose not to undergo ABMT because of their rapid and complete response to MJMA treatment, and one who responded partially refused any further treatment. Therefore, 11 patients were transplanted after MJMA: seven of these had no evidence of disease, whereas four underwent transplantation having obtained a partial response to MJMA chemotherapy. Two of these four patients achieved CR after ABMT (one in spite of a severe CMV infection), whereas the pre-transplant status did not improve substantially in the other two. Neither response to MJMA nor PBSC mobilization was influenced by the inclusion of rituximab in earlier treatments.
Ten deaths have been recorded, eight because of relapse or progression of the lymphoma and two because of infections (septic shock in a 68-year-old men 5 months after the last cycle of MJMA and a CMV infection in a 60-yearold women 10 months after ABMT).
The survival curves illustrated in Figures 1-3 show that the response in terms of OS, disease-free survival and PFS to MJMA-and to PBSCT, when administered-was not influenced by the presence of a relapsed or refractory disease (differences are not statistically significant). Only the number of previously administered chemotherapy regimens (one vs two or more) had a slight effect in separating the curves of PFS (Figure 4 ), although this was not statistically significant (P ¼ 0.110). 
Discussion
The best conventional salvage treatment for patients with relapsed or refractory lymphomas, effective for both cytoreduction and PBSC mobilization, is not known. Randomized trials are difficult to organize in this setting of patients because of the number of clinical variables that play important clinical roles and would require as many stratifications (histology, tumor bulk, response to and number of previous treatments, symptoms, presence of prognostic factors before salvage therapy). Moreover, in all series, most of the patients treated go on to receive HDC with ABMT, and this makes it difficult to compare the long-term intrinsic efficacy of conventional salvage chemotherapy. However, as not all refractory or relapsed patients can actually address HDC (because of comorbidity, frailty, advanced age and risk of infections), every effort must be made to maintain these patients in an acceptable clinical condition and to prolong their life with conventional chemotherapy. The ideal salvage therapy for both Hodgkin's lymphoma and non-Hodgkin's lymphoma should be an efficient mobilizer of PBSC, have low hematological and non-hematological toxicity and, in the meantime, have sufficiently high cytoreductive activity as to be administered for an adequate number of cycles with good results in those patients who cannot undergo ABMT. The first experiences with a 5-day MicMA protocol (or MJMA, which is the same as, in this acronym, 'J' refers to one of the first abbreviations of carboplatin, JM-8) in relapsed or refractory lymphomas were those of Sica et al.
9
(18 patients) and La Sala et al. 15 (31 patients) who obtained CRs in 22 and 45% of patients, respectively, and partial responses in 44 and 13% (response rates: 66 and 58%, respectively). Sica et al. 9 showed the regimen's ability to mobilize PBSC. La Sala et al. 15 recorded-as in the present series-no differences in the response rate of relapsed and refractory patients.
Subsequently, Ortu La Barbera et al. 10 administered the same MiCMA regimen to 29 patients with relapsed or refractory Hodgkin's lymphoma, 34% of whom responded completely and 52% partially to this chemotherapy regimen before undergoing HDC with PBSC rescue. More recently, Sora`et al. 16 used the same treatment protocol in 85 patients with relapsed or refractory non-Hodgkin's lymphoma and achieved CRs in 26% and partial responses in 44%; 77% of the patients were subsequently transplanted.
In this study, the overall response rate to the shortened and intensified MJMA chemotherapy regimen was high and, moreover, included a decidedly higher proportion of complete responses than had those recorded in the preceding experiences with the same drug combinations, except from that by La Sala et al. 15 One possible explanation for this is that Sica et al., 9 Ortu La Barbera et al. 10 and Sora`et al. 16 administered only two or three cycles of the MJMA regimen and admitted patients to HDC and ABMT soon after PBSC harvesting. La Sala et al. 15 administered five or six cycles, as we did in the present series, going on with a further two to four cycles after that used for PBSC mobilization and harvesting. This might have allowed greater exploitation of the intrinsic antilymphoma action of the regimen. As the number of cycles administered was the same in our series and in that of La Sala et al., 15 the explanation of the higher response rates in our series may be the double the dose size of carboplatin and the dose intensification of all the drugs administered to our patients.
The results obtained in this series are good not only in comparison with other experiences with MiCMA (or MJMA), but also in comparison with a number of other recently tested pre-transplant salvage regimens: those investigated or tested again in the last 3 years are reported in Table 4 . The populations of patients in these studies are heterogeneous (also with respect to the proportion of refractory cases) and numerically limited; any comparisons are therefore fraught with risks. However, on the whole, the review shows that percentages of patients who achieved a complete response (the most reliable condition to have stable results from subsequent HDC) ranged from 3 to 50%, frequently with a discrete reduction in the refractory subset, and generally with a trend toward the administration of only two or three cycles (never more than four). On this background, the outcome after the short, intensified MJMA chemotherapy regimen seems of interest, especially in consideration of the proportion of refractory cases (40%), the responses obtained by these patients (not different from those of relapsed subjects) and the rather advanced age range of the patients. Moreover, toxicity was limited to the hematological compartment. The regimen was safely administered on an outpatient basis, with a strong capacity to mobilize PBSC, and showed that six courses can generally be administered within 4 months. It seems to be equally active in patients with Hodgkin's or non-Hodgkin's lymphoma (more on the basis of previous analogous experiences than from our study, considering the low number of patients with Hodkgin's lymphoma included in our series), and its efficacy appears to be reduced only by the number of chemotherapy regimens administered earlier.
It is possible that the effort to complete six courses whenever possible, without stopping the therapy after the mobilizing cycle, was an additional factor in the performance of the regimen. These results need to be confirmed by other studies. Further improvements might be derived from the combination of the drugs of MJMA with gemcitabine and/or rituximab in CD20-positive lymphomas.
